The pathogenicity of 42 strains of Bacteroides of human origin was estimated by intracutaneous injection of bacterial suspensions into guinea-pig skin. Comparisons of living and heat-killed suspensions revealed that B. fragilis strains maintained themselves and possibly multiplied in the skin, whereas the lesions induced by non-fragilis strains appeared to be due mainly to toxicity. Measurement of skin pathogenicity in terms of the number of viable organisms in the inoculum that produced a lesion 10 mm in diameter showed that B. fragilis was, on average, 17 times as pathogenic as non-fragilis strains.
INTRODUCTION
Bacteroides species are numerically the major group of micro-organisms isolated from normal faeces, and have been implicated in bacteraemia and in abdominal, gynaecological, obstetric and other infections. The group previously classified as Bacteroides fragilis has received much attention because it represents the anaerobic species most often associated with infection (Leigh, 1974) . Until recently, B. fragilis was divided into five subspecies: fragilis, ovatus, distasonis, thetaiotaomicron and vulgatus, but differences between the subspecies based on DNA homology were found to be large enough to warrant reclassification into species (Cato and Johnson, 1976) . B. fragilis is only a minor component of normal faecal isolates, but is more often isolated during infection than the species representing a higher percentage of normal faecal isolates, such as B. vulgatus and B. thetaiotaomicron (Finegold, Attebery and Sutter, 1974; Jones and Fuchs, 1976) .
In a rat model of intra-abdominal sepsis (Weinstein et al., 1974) used to investigate potential virulence factors in this group of organisms (Onderdonk et al., 1977) , the capsular polysaccharide of B. fragilis was found to be a potent virulence factor, rarely found in the other closely related species. Reports of synergy between Bacteroides and other organisms have been made and confirmed by animal experiments (Altemeier, 1942 ; Hite, Locke and Hesseltine, Measurement of intracutaneous pathogenicity. Skin pathogenicity was estimated by the method of Miles, Miles and Burke (1957) . Undiluted suspensions and 1 in 5 dilutions of live and of killed organisms in saline were injected intracutaneously in 0. 1-ml volumes, through a 10-mm gauge 5/10 needle, into the dorsal skin and flanks of animals. From 16 to 20 injections were given at approximately 2-5-cm intervals to each set of animals so that four or five strains could be tested in one experiment. Suspensions were numbered and injected according to a partially randomised plan so that when the lesions were being measured it was not easy to determine which suspension had induced them. Suspensions containing about lo8 cfu/O. 1 ml usually produced lesions of c. 10 mm diameter after 24 h. Estimates of mean lesion diameters resulting from each suspension were made from single lesions induced in each of three animals. Intracutaneous injection of sterile saline alone failed to produce any apparent effect on the skin of animals. Non-circular lesions were measured across the greatest and least diameters and the average taken.
Lesion diameters were plotted against the loglo dose of living or dead organisms injected. In previous experiments with a series of Bacteroides suspensions of graded concentration, lesion diameters were found to be roughly linear with respect to loglo dose within the range of concentrations used; subsequent experiments were therefore performed with only two concentrations.
The ability of strains to produce lesions was expressed as the number of organisms in 0.1 ml required to induce a mean lesion diameter of 10 mm; this value was calculated for living and dead suspensions of all strains and termed EDlO(L) and EDlO(D) respectively (Miles et al., 1957) . In some cases, especially with non-fragilis strains, lesions were less than 10 mm in diameter even with undiluted suspensions, and in these instances plots based on two suspension concentrations were extrapolated to the 10 mm level. The ED10 values were used to compare the skin pathogenicity of live organisms of the different strains and of the skin toxicity of dead organisms. The ratio EDlO(D): EDlO(L) was estimated for each strain to give a potency ratio, which was assumed to indicate the extent to which a given strain persisted or multiplied in the skin. On the assumption that the inflammatory reaction produced by dead bacteria was due to bacterial toxicity, a lesion size with living bacteria much bigger than that with dead suggested that the strain had survived effectively or even multiplied during its residence in the skin, whereas little or no difference between lesions of dead and living organisms suggested that they were largely due to microbial toxicity, with little or no multiplication. Strains with low EDlO(L) values were clearly of greater skin pathogenicity than those with high values, and strains with low EDlO(D): EDlO(L) potency ratios ( < 1 : 1) were less pathogenic than those with high values (>1:1).
Content of viable bacteria in skin lesions. Some of the lesions induced by the injection of undiluted viable suspensions of Bacteroides were sampled after 24 or 48 h to establish the approximate concentrations of bacteria across the diameter of lesions (Miles, Pillow and Khimji, 1976) . After the measurement of lesions, the animals were killed by carbon-dioxide inhalation and the depilated skin cleaned with 75% (v/v) ethanol in water and allowed to dry. From the periphery to the centre, each lesion was sampled at 2 mm intervals from 5-mm parallel cuts made across the lesion at each interval. Samples were taken by rubbing a loop along both walls of each cut and plating directly on blood agar. After anaerobic incubation for 48 h, the growth was graded as: 8 (confluent), 4 (semiconfluent), 2 ( 3 2 0 colonies) or 1 (< 20 colonies), and mean growth values were calculated from lesions in each set of animals. In one experiment three sets of three animals were given identical inocula of Bacteroides. One set was killed immediately after injection and the lesions were sampled; the other two sets were killed for sampling after 24 and 48 h respectively.
RESULTS

Pathogenicity and toxicity of strains
The lesions produced by all strains of Bacteroides were essentially similar, easily measured, discrete, circular areas of mild induration without obvious necrosis. B. fragilis always produced larger lesions, often of 50% greater diameter, than similar inocula of non-fragilis strains. Lesions induced by undiluted suspensions of non-fragilis strains were rarely greater than 7 mm (X 6.1 mm) in diameter, whereas lesions of 9-183 mm (X = 11.8 mm) were often associated with B. fragilis; there was no obvious difference in diameter between the lesions caused by clinical and those caused by faecal isolates of B. fragilis.
Relative lesions sizes induced by live and killed suspensions
The plots of lesion diameter against loglo dose for dead and for living suspensions of a given strain were approximately parallel, with mean slopes of 1.96 (SE f 0-032) for non-fragilis, and 3-33 (SE & 0.07) for B. fragilis (p < 0.01 by t-test). ED10 values were determined from slopes for live and killed suspensions of each strain. EDlO(L) values for B. fragilis and non-fragilis strains were significantly different (p<O-Ol), with mean values of 9.34 and 10.56 respectively. Plots for about 20% of strains were not parallel, those for the live organisms being steeper than those for the killed. In these instances, for estimation of ED10 the slope for the living suspension was taken as standard, and a line was drawn through the midpoint of the slope for the killed bacteria parallel to that for the living.
B. fragilis lesions were always smaller when killed suspensions were given; the mean diameter decreased by about 33%. Killed non-fragilis strains, with one exception, produced larger lesions (mean diameter increased by 33%) than the corresponding viable suspensions. Typical slopes for B. fragilis and nonfragilis strains are shown in fig. 1 ; the ED10 of B. fragilis strain 7 (A slopes) was increased approximately 1 00-fold when killed; that of B. thetaiotaomicron strain 17 (B slopes) was decreased by about 16-fold.
The potency ratios were calculated for each strain to provide values representative of skin pathogenicity (table I). A ratio of greater than 1 :I suggests persistence or multiplication of viable organisms in the skin. B.
fragilis strains generally had ratios of greater than 1 : 1 (X = 1 -1 1 : 1) whereas ratios for non-fragilis strains were usually less than 1 : 1 ( j z = 0.96: 1) because lesion diameters due to the killed organisms were often bigger than those for the living. These ratios for B. fragilis and non-fragilis strains differed significantly (p < 0.01).
Enumeration of viable bacteria in the lesions
Lesions were sampled to determine whether lesion diameter indicated the extent to which viable organisms were able to persist or multiply in the tissue. The mean concentrations of viable organisms at intervals across the lesions are shown in table 11, and examples of individual experiments are shown in fig. 2 . B. fragilis strains were better able to survive, and possibly multiply, in guinea-pig skin than non-fragilis strains. All the central and 2 mm samples from 24-h B. fragilis lesions gave a growth index of 8 whereas most non-fragilis lesions gave indices of only 1 or 2. Although inocula varied considerably, the 
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FIG. 1 .-Examples of diameters of 24-h lesions induced by the injection of different numbers of living or dead suspensions of (A) B. fragilis (strain 7) and (B) B. thetaiotuohicron (strain 17). -=Observation, _ _ _ _ _ --extrapolation. Vertical lines at the 10 mm level indicate IogloEDlO.
numbers of viable B. fragilis strains 1 and 9 injected were less than the number of all four non-fragilis strains injected, yet samples taken after 24 h yielded substantially more growth than from the non-fragilis lesions (table 11) . Compared with the growth from sites cultured immediately after injection, the growth indices of B. fragilis strains were not reduced at 24 h and reduced only moderately at 48 h, but those of non-fragilis were considerably reduced at 24 h and markedly so at 48 h with no growth at distances beyond 4 mm of the lesion centre in both cases ( fig. 2.) . Lesion measurements produced by injecting live bacteria therefore appeared to reflect the underlying concentrations of viable organisms and suggest that B. fragiZis is better able to persist or multiply in guinea-pig skin than non-fragilis strains, even when given at low concentrations.
DISCUSSION
For a given inoculum, B. fragilis strains always produced lesions of larger diameter than non-fragilis strains and this property was associated with their greater ability to survive in the skin tissue. In all cases, B. fragilis produced smaller lesions when heat-killed, whereas non-fragilis lesions were either unaffected or larger. The latter effect may be due to the liberation of toxic material by heating. Lesions induced by non-fragilis strains appeared to result 
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-... (1977) to investigate the relative pathogenicity of capsulated and non-capsulated strains of Bacteroides, the majority of the former being B. fragilis, which produced abscesses in 95% of animals tested; those given non-capsulated strains rarely developed abscesses. Of the potential virulence factors of B. fragilis tested, the highest incidence of abscess formation occurred with capsular polysaccharide which, in the absence of viable organisms, caused sterile abscesses. However, Babb and Cummins (1 978) found that the presence of a capsule was not a unique characteristic of B. fragilis; indeed, all the species they tested, except B. distasonis, were capsulated to varying degrees.
Although the technique described in this paper was not intended to simulate natural infection, it has several advantages over the previously described methods. More tests can be performed on fewer animals, providing an index of pathogenicity within 24 h. Whether pathogenicity as estimated in skin can be related to that in the common sites of B. fragilis infection, such as the gut, is as yet undetermined. However, the persistence or multiplication of organisms in living tissue, regardless of type, indicates an inherent ability to resist defence mechanisms of the host.
This guinea-pig model could be useful in the investigation of potential virulence factors because, unlike most other animal models, pure suspensions of Bacteroides spp. can be used to induce lesions, and the effects of potential virulence factors can be determined by estimating the enhancement of lesion diameter by the inclusion of such factors in the inoculum. Cellular components such as capsular polysaccharide, as well as extracellular enzymes such as proteases, lipases, nucleases and heparinases produced by Bacteroides spp. (Rudek and Haque, 1976) , could be tested in this way. Factors enabling Bacteroides to inhibit phagocytosis (Ingham et al., 1977) could probably be assessed in this model. The importance of resistance to heat-labile serum components to the pathogenicity of Bacteroides, shown by B. fragilis but not
